Conserved developmental alternative splicing of muscleblind-like (MBNL) transcripts regulates MBNL localization and activity.
Muscleblind-like (MBNL) proteins have been shown to regulate pre-mRNA alternative splicing, and MBNL1 has been implicated in regulating fetal-to-adult transitions in alternative splicing in the heart. MBNL1 is highly conserved, exhibiting more than 95% identity at the amino acid level between birds and mammals. To investigate MBNL1 expression during embryonic heart development, we examined MBNL1 transcript and protein expression in the embryonic chicken heart from the formation of the primitive heart tube through cardiac morphogenesis (embryonic days 1.5 through 8). MBNL1 transcript levels remained steady throughout these stages, whereas MBNL1 protein levels increased and exhibited a shift in isoforms. MBNL1 has several alternatively spliced exons. Using RT-PCR, we determined that the inclusion of one of these, exon 5, decreases dramatically during cardiac morphogenesis. This developmental transition is conserved in mice. Functional analyses of MBNL1 isoforms containing or lacking exon 5-encoded sequences revealed that exon 5 is important for the regulation of the subcellular localization, RNA binding affinity, and alternative splicing activity of MBNL1 proteins. A second MBNL protein, MBNL2, is also expressed in the embryonic heart. We found that MBNL2 exon 5, which is paralogous to MBNL1 exon 5, is similarly regulated during embryonic heart development. Analysis of MBNL1 and MBNL2 transcripts in several embryonic tissues in chicken and mouse indicate that exon 5 alternative splicing is highly conserved and tissue-specific. Thus, we propose that conserved developmental stage- and tissue-specific alternative splicing of MBNL transcripts is an important mechanism by which MBNL activity is regulated during embryonic development.